Locatlng waterfowl observatlons
on aerlal surveys
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Abstract We modified standard aerial survey data collection to obtain the geographic location for
each waterfowl observation on surveys in Alaska during 1987-1993. Using transect nav-
igation with GPS (global positioning system), data recording on continuously running
tapes, and a computer data input program, we located observations with an average de-
viation along transects of 214 m. The method provided flexibility in survey design and
data analysis. Although developed for geese nesting near the coast of the Yukon-
Kuskokwim Delta, the methods are widely applicable and were used on.other waterfow!
surveys in Alaska to map distribution and relative abundance of waterfow!. Accurate lo-
cation data with GIS analysis and display may improve precrsron and usefulness of data
from any aerial transect survey.
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Aerial surveys are used to index the abundance of
waterfowl in extensive, inaccessible arctic breeding
areas (Martinson and Kaczynski 1967, Kaczynski and
Chamberlain 1968, Gillespie and Wetmore 1974,
Malecki et al. 1981, Malecki and Trost 1990).
Beginning in 1957, the North American Breeding Pair
Survey (NABPS) has provided primary population in-
formation for waterfowl in Alaska. However, the
NABPS is continental in scope (Cowardin and Blohm
1992, Martin et al. 1979) and was not designed to
index waterfowl populations in a specific refuge or
state. Aerial survey observations are recorded by 26-
or 29-km segments, and transects are widely spaced
(Off. Migr. Bird Manage., Standard operating proce-
dures for aerial waterfow! breeding ground popula-
tion and habitat surveys in North America, U.S. Fish

and Wildl. Serv., Washington, D.C., 1987), resulting

in very coarse-grained waterfowl distribution infor-

mation. v
Improved aerial surveys were needed for monitor-

ing local waterfowl] populations and determining rela-

tive use by watetfowl of specific federal and private
lands in Alaskan refuges. Managers were particularly
concerned by population declines of geese (Raveling
1984) nesting in the coastal zone of the Yukon Delta
National Wildlife Refuge (YDNWR). While initiating a
goose survey on YDNWR in 1985, we developed a
transect navigation and data recording technique
using long-range navigation (LORAN-C) and later
global positioning system (GPS) instruments, -continu-
ously running tape players, and a computer data input
program. Our objectives here are to: (1) describe the
technique for locating each aerial survey observation,;
(2) evaluate the location accuracy based on navigation
with LORAN-C or GPS; and (3) suggest applications
for aerial survey data collected in this way. .

Methods

- Survey transects and navigation

We randomly located the start of the first transect
on the west coast of the YDNWR. Subsequent tran-
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sects were placed along lines of latitude at systematic
intervals that varied from 1.6 (high goose density) to

12.8 km (low goose density strata; Fig. 1). - Transects
started at the coast, extended 6.4-64.0 km inland,

and were divided into 6.4 or 12.8 km segments. We
flew transects in a Cessna 206 with amphibious floats
at 35-45 m altitude and 145-160 km/hour. Survey
timing was adjusted annually to begin at start of incu-
bation by nesting geese; surveys were completed by
mid-incubation. We flew transects once each year.
We determined transect beginning and ending co-
ordinates from 1:63,360 (1 inch = 1 mile) U.S:
Geological Survey (USGS) maps and entered them as
waypoints in a LORAN-C or GPS. With the develop-
ment of LORAN-C and, more recently GPS, for air-
planes, accurate navigationis possible for aerial sur-
veys in remote arctic areas (Patric et al. 1988, Boer et
. al. 1989). The LORAN-C stations located at St. Paul
Island, Port Clarence, and Narrow Cape provided ex-
cellent coverage for navigation on the YDNWR (Fig.
1). We drew transects on 1:250,000 USGS maps. The
pilot used maps for general reference while flying
transects and to obtain transect numbers and dis-
tances. The LORAN-C was calibrated daily in the air
over the beginning or end of a transect with recog-
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nizable ground features, or on the ground at a loca-
tion with known coordinates (e.g., a village airstrip).
No calibration was required for GPS. .

' We intercepted the extended transect several kilo-
meters before transect start point using the latitude

- readout from the LORAN-C or GPS and standard air-

craft radio instrument procedures (Jeppesen
Sanderson, Inc. 1981). We flew with the same preci-
sion required to complete instrument approaches.
Ground reference features (e.g., coastline, lake
shores, river banks) supplemented by LORAN-C or
GPS distance readouts identified the transect start,
segment transition, and transect endpoints. We used
the course deviation indicator on the LORAN-C or
GPS, set to 185- or 205-m increments respectively, to
maintain transect centerline. When ground refer-
ence points indicated that the LORAN-C course devi-
ated from the transects drawn on the map, we recali-
brated the LORAN-C. No recalibration was needed
for GPS navigation.

Data recording and entry

The pilot and observer recorded the following
birds observed in a 200-m strip on each side of the air-
craft: tundra swans (Cygnus columbianus), greater
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Fig. 1. Location of LORAN-C stations (3 large stars), Yukon Delta National Wildlife Refuge, Alaska, and the coastal survey area show-
ing stratification boundaries and the east-west aerial survey transects for estimating populations of geese in 1992.




white-fronted geese (Anser albifrons frontalis), em-
peror geese (Chen canagica), black brant (Branta
bernicla nigricans), cackling Canada geese (Branta
canadensis minima), and sandhill cranes (Grus

canadensts). Using a continuously running tape -

recorder, each observer voiced the start and end of
each transect and segment and the species and group.
size for each waterfowl observation. We noted
species name followed by group size (e.g., Canada
goose single, swan pair, emperor goose flock of 3).
While running a customized data entry program on
a personal computer, we replayed the tape for each
transect. After initial entry of the necessary segment
data (date, observer, transect number, segment num-
ber, flight direction, segment length), the tape was
started. In synchrony with the recorded message of
“begin segment”, a keystroke stored the computer
clock time and began a data input loop. Synchronous
with each bird observation, species identification
was quickly entered by a single keystroke on the
species-labeled keyboard. The program simultane-
ously recorded the computer clock time at the mo-
ment of species key entry, and subsequent numeric
key strokes entered the associated group size. At
“end segment”; a keystroke terminated the observa-
tion input loop, and for each observation, the pro-
gram calculated the distance from the west end of
the segment in proportion to time measured by the
computer’s clock according to the following formula:

dobs = dsegtobs/ tség’

where d,, is the distance from the segment start to
the location of each observation, d is the segment
length, ¢, is the elapsed time between the start and
the observation, and 7, is the total time to replay the
recorded segment. The data entry program attached
segment information to each observation and al-
lowed for corrections before saving the stored data to
afile. The data were imported to a database for addi-
tional editing and sorting and exported in an ASCII
format for use by geographic information system
(GIS) and other analysis programs. Data entry while
listening to tapes equaled flight time for the survey
transects and was greater than the time required if
data had been recorded on non-continuously running
tapes. However, the increased time for replaying
tapes was partially offset by concurrent etror check-
ing and standardization of the data file provided by
the data entry program.

Observational efficiency of the pilot
We expected the pilot’s efficiency as-an observer
to be reduced by the need to safely and accurately fly

the aircraft along transects. We quantified the rela-
tive ability of the pilot and the right-seat observer to
detect waterfowl. . The front-seat observer called out
all waterfowl observations over the aircraft intercom
while the rear-seat observer recorded any additional
observations. We used a 2 X 2 chi-square to test the
null hypothesis that the pilot and observer missed the

same proportion of observations.

Accuracy of locations

During the survey we recorded identifiable ground
reference features such as riverbanks or lake shores.
These reference observations were entered into the
computer in the same manner as bird observations.
Distances from the start of the segment to the ground
reference points were measured on 1:250,000 scale
USGS maps. We compared map-measured distances
to calculated distances to determine the accuracy of
locations. - Accuracy was expressed as a positive or
negative deviation from the measured distance and
also as the absolute value of the difference between
the 2 measures. We compared LORAN-C and GPS de-
viations from ground reference locations using ¢'-tests
with unequal sample size and unequal variance.

Results

Survey effort

The YDNWR goose survey consisted of 93 tran-
sects (Fig. 1) totaling 2,800 km. Entering the coordi-
nates of all transect start and endpoints in the
LORAN-C was accomplished manually and required
approximately 2 hours. Transect coordinates from a
computer file were downloaded to the GPS with a
data card. The survey required 8-10 days to com-
plete. Total flight time was approximately 40 hours
with 20 hours actually on the transects. Flying time
required to complete the survey was similar to sur-
veys using standard data recording procedures.
Management of tape recorders and navigation instru-
ments required practice and concentration when
first learning the procedures.

_The largest additional cost of including the loca-
tion for each observation was the time necessary to
listen to the recorded tapes and enter observations
into the computer. However, this was not a major
problem, as a 1993 errorfree data file, containing
over 9,000 observations with geographic locations,
was ready for computer analysis within 1 week of fly-
ing the transects. '

Pilot observations ,
On transects flown for efficiency testing, 817 wa-
terfowl observations were made by: front-seat ob-




servers; an-additional 221 observations were made by
the rearseat observer, for a total of 1,038 observa-
tions. The proportion of total observations missed by
front-seat observers was 0.213 (221/1,038). The pro-
portions missed by the pilot and right-seat observer
were 0.235(1347569) and 0.185 (87/469), respec-

tively. ‘The difference in proportions was greater
than would be expected by chance (x? = 3.834, 1 df,
P =0.0502).

Accuracy of locations

With LORAN-C navigation, differences between ’

map-measured - distance and calculated distance to
reference points averaged —13 m (# = 109, SD =
489, range —1,244~1,833 m, Fig. 2); with GPS navi-
gation, the average difference was —71 m (n = 83,
SD = 259, range —676-482 m, Fig. 2). Average er-
rors in direction were small in comparison to the
large range of positive and negative differences in in-
dividual estimates of distance. The distances based
on GPS had no differences over 700 m, and they
were less variable (F = 3.565; 108, 81 df; P < 0.001)
than differences. obtained with LORAN-C. The ab-
solute values of differences averaged 367 m (n =
109, SD = 323, range 0-1,833 m) with LORAN-C and
214 m (n = 83, SD = 162, range 0-676 m) with GPS.
Calculated locations of observations were more ac-
curate when navigating using GPS (¢’ = 4.288, 83 df,
P <0.001).

Frequency

Fig. 2. Frequency distribution of deviations between the aerial
observation computer-calculated locations and..map-measured
locations for test geographic reference points while navigating
with LORAN-C in 1987 or GPS in 1993 on Yukon Delta National
Wildlife Refuge, Alaska. -

~Discussion

Data recording and entry

A standard protocol for voice-recorded data was
important to obtain accurate locations. In areas of
high waterfowl dersity, the number of observations
approached the maximum speed at which we could
vocalize the data and, when-transcribing tapes later,
could enter species and group size on the computer.
We were able to keep pace with recorded observa-
tions when consistent data recording protocols were
followed.

Obtaining accurate locations also required that the
computer program’s data entry loop be started and
stopped to match the time between segment start
and end during the actual survey. Prompt and careful
wording of transect number, flight direction, transect
start, segment transition, and transect end provided
the cues to correctly enter data on the computer.
Because the proportion of time along each segment
was used to calculate the proportion of segment dis-
tance for each observation; the aircraft flight speed,
tape recording speed, and tape playback speed
needed to be ‘constant only for the 5 minutes re-
quired to fly each 12.8 km segment. Variation in
flight speed, recording speed among segments, or be-
tween tape recording and playback speeds had no ef-
fect on the accuracy of locations.

The position of a bird relative to the aircraft when
the observation was recorded could affect the geo-
graphic location. Most observations were recorded
within 45° ahead to 45° behind a line perpendicular
to the flight path at the observer’s position. With a
200-m width, the actual position of birds observed
could be as much as 200 m ahead or behind the ob-
server.. In areas of very high bird density, voice
recording the last in a series of rapid observations
sometimes was delayed until the aircraft had moved
beyond the point the bird was actually observed.
The time required to:-catch up in recording in this sit-
uation was <5 seconds. With the aircraft moving at
approximately 45 m/second, the error in position as-
sociated with delay in voice recording was <225 m.

Flying tbe aircraft

Proper-flying technique, use of instruments, and
orientation of transects were important in maintain-
ing accuracy of waterfowl locations. In addition to
the-LORAN-C or GPS, a gyro-stabilized heading indi-
cator and a radar altimeter were the most important
instruments required to fly transects safely and accu-
rately. - The. pilot-also needed a map. that clearly
showed transect number, latitude and longitude of
transect start and endpoints, and distance from the




start and from each segment transition to the tran-
sect end. : '

Transects oriented along lines of latitude simpli-
fied flying the initial sections of transects with accu-
racy. The present position readout from the LORAN-
C or GPS allowed the pilot to intercept the extended
transect several kilometers before the start of the
transect. After establishing a course along the cor-
rect latitude, the pilot set the GPS readout to display
the distance to the transect end waypoint. Start of
the transect or segment was indicated when the dis-
tance to the waypoint matched the distance noted on
the flight map. This procedure ensured accuracy
even when we approached at low altitude over water
or over tundra with few recognizable ground fea-
tures. Use of navigation instruments and standard
procedures enabled the pilot to stabilize the aircraft
at the correct altitude, airspeed, and heading needed
to maintain centerline prior to beginning the transect
and to voice-record information into the tape
recorder before passing over the transect start point.

With each mark on the course deviation indicator
equal to 185-205 m, we believe use of LORAN-C or
GPS enabled the pilot to keep the left-right flight de-
viation from centerline to within the distance re-
ported for average accuracy (367 m for LORAN-C and
214 m for GPS) of observations along the transect.
The course deviation indicator provided the pilot
with a single reference for maintaining the transect.
This helped the pilot maximize time spent looking
for-waterfowl and minimize time needed to fly the
aircraft with precision. Flying the aircraft reduced
the observational efficiency of the pilot by 5% relative
to the observer (78% vs. 83%). This decrease was
small compared to other factors known to affect ob-
servabiiity of wildlife from aircraft (Caughley 1974,
Caughley et al. 1976).

LORAN versus GPS positioning

The accuracy of position information from LORAN-
C is affected by the distance from LORAN ground sta-
tions, the geometry between ground stations and the
receiver, and the type of terrain over which signals
must pass (Boer et al. 1989). In coastal Rhode Island,
Patric et al. (1988) found that LORAN-C could deter-
mine position within 200 m and return to previously
stored locations within 60 m. The YDNWR study
area is optimally located for LORAN-C position infor-
mation because it is near the center of a triangle con-
necting the LORAN-C ground stations (Fig. 1).
Because of differences in terrain features and the
* changing geographic relationship between the air-
craft LORAN-C receiver and LORAN-C ground sta-
tions, the error in position using LORAN-C varied

within the YDNWR study area. 'With daily calibration
of the LORAN-C, we corrected for variations in posi-
tioning information and located ground reference po-
sitions with an average absolute deviation of 367 m
using our method of data recording and transect nav-
igation. ,

In 1992 we replaced the LORAN-C with a GPS in-
strument for transect navigation. ~The GPS receives
signals from satellites and can determine position to
within 15 m (Trimble Navigation 1990), although se-
lective availability of the satellite signal reduces the
positional accuracy to 100 m or more at times. The
GPS is not subject to the terrain-induced signal prop-
agation error of the LORAN-C and provides consis-
tent positioning data anywhere on the earth’s surface
as long as satellite information can be received.
Replacement of LORAN-C with GPS improved the av-
erage accuracy of locating ground:reference posi-
tions by 42% (367 m to 214 m). “We attribute im-
proved accuracy to the inherent accuracy of position
information from GPS and the lack of change in posi-
tional error depending on location that was associ-
ated with LORAN-C.

Maintaining location accuracy

Accuracy of geographic locations depended on the
type of navigation instrument (LORAN-C or GPS), fre-
quency and accuracy of calibration when using
LORAN-C, accurate identification of transect start and
endpoints, accurate identification of segment transi-
tion points, use of standardized voice recording pro-
cedures, and ability: of the pilot to stay on transect
using a map and navigation instruments. All the
above factors need to be considered in achieving the
accuracy reported.

Our measure of accuracy for ground reference lo-
cations with LORAN-C and GPS compared distances
only along the transect; deviations to the side were
not measured.. Because some reference points (river
banks and lake shores) crossed transect lines at an
angle, left-right error in flying the transects con-
tributed to some of our estimates of error. With GPS,
the error along the transect in position of an ob-
served geographic feature averaged 214 m with a
maximum absolute difference of 676 m. In addition,
a bird observation could be up to 200 m to either side
of the aircraft, as. much as 200 m ahead or behind the
present location, and the aircraft could be as much
205 m from centerline even before response by the
course deviation indicator. We have no measure of
the average values of these additional potential errors
in locations.

Several software programs are available that down-
load coordinate information from LORAN-C or GPS to



a computer at regular intervals and whenever a key is
pressed (R. H. Pollard; Caribou distribution in the
Prudhoe Bay Oil Field, Summer 1990 final report, BP
Exploration Alaska Inc., Anchorage, 1992; Anthony
and Stehn 1994). Such:programs that record geo-

graphic position, number of birds, and species at’

each observation (realtime geo-referencing) are use-
ful for surveys from slowly moving survey vehicles or
for species occurring at. low density because the ob-
server must enter each observation directly to the
keyboard. The rapid rate of observations and num-

ber of species recorded on:our surveys precluded di- -

rect keyboard entry by the pilot or observer.
Computer voice recognition technology has the po-
tential to allow direct coding of aerial survey obser-
vations. Applying: this technology would eliminate
continuously running tapes and improve the accu-
racy of geographic locations by eliminating the error
associated with the pilots ability to maintain the tran-
sect centerline. -

Applications

Geographic locations for all observations provide
the following benefits for waterfowl aerial transect
surveys:

« Existing aerial surveys can be flown to obtain
more detailed information with no addi-
tional flight time using our data recording
methods.

* Location data can be used to improve survey
design, analysis, and precision of popula-
tion indices. Data can be post-classified to
determine a stratified survey design that -
vields the most precise population esti-

- mates. - Such strata, perhaps with realloca-
tion of sampling intensity, provide statisti-
cally valid. variance estimates with the next
year’s data. :Provided that stratification
boundaries of differing sampling intensity
are maintained, post-classification can be
different for each species or species group.

* Location data increase the ability to integrate
ground-based or other sampling with aerial
observation data to improve our under-
standing of aerial surveys. Methods: of de-
termining visibility correction factors (Cook
and Jacoebson 1979, Pollock and Kendall
-1987) could be enhanced with accurate lo-
cation data. Independent estimates of nest, -
egg, or brood density from ground plotscan
be correlated with aerial observations ei-
ther by direct pairwise comparison with

plots or by comparison of mean densities
within a specified geographic areas.

* The location of observations along transects

-can be converted to geographic coordi-

nates and entered into GIS for display on

.. maps and various spatial or overlay analy-

ses. We use location data from aerial tran-

- sect surveys to map distribution of water-

fowl on remote nesting areas throughout
~Alaska (Butler et al. 1995).

* Accurate locations increase the use of data to
answer biological and management ques-
tions related to the distribution of popula-
tions. Waterfowl density may be influenced
by proximity to brood rearing areas, coast-
lines, human disturbances, or other factors.
Location data can be used to correlate den-
sity to habitat features measured on aerial
photographs, video imagery, or satellite
data. Impact assessment.on areas selected
for potential development or evaluation of
specific land parcels considered for pur-
chase, exchange, or easement can be exam-
ined objectively based on relative number
of waterfowl observed.
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